###### Strengths and limitations of this study

-   The study of the coexistence of all four conditions (sarcopenia, physical frailty, undernutrition and obesity) in older adults is a novelty.

-   This is a cross-sectional study.

-   A large sample of 1454 older adults was studied.

-   Body mass index was used to identify preobesity and obesity.

-   Muscle mass assessment for sarcopenia diagnosis was carried out using anthropometric measures.

Introduction {#s1}
============

Sarcopenia, frailty, undernutrition and obesity are frequently identified in older populations. Although research on health in older adults generally focuses on the presence of multiple chronic diseases, commonly termed 'multimorbidity',[@R1] there are other relevant health conditions such as geriatric syndromes that are multifactorial conditions highly prevalent in older adults and that do not fall into discrete disease categories.[@R2]

Both sarcopenia and physical frailty include measures of muscle strength and performance to diagnose muscle dysfunction and are both associated with similar poor health outcomes.[@R3] Despite the similarities, sarcopenia was not found to be a useful biomarker of frailty, but its absence is a good indicator for the absence of frailty.[@R5] In a large sample of community-dwelling older adults, sarcopenia prevalence in frail individuals ranged from 40% to 72%, depending on the definition used.[@R5] Moreover, sarcopenia and frailty were agreed to be separate conditions often associated with malnutrition.[@R6] In fact, in a study with overweight and obese cancer patients, sarcopenia was prevalent across different levels of nutrition risk.[@R7] In addition, the double burden of malnutrition was characterised by World Health Organization (WHO) as the coexistence of undernutrition along with overweight and obesity, namely, within individuals, but it needs to be further explored.

Despite being distinct, these conditions share many common pathophysiological pathways[@R3] and are associated with poor health outcomes.[@R9] Even though they have been extensively studied in older adults, the majority of the previous studies focused in each individual condition. Therefore, the study of their cooccurrence and their associated factors may help identify which individuals have an increased risk of cumulative health consequences and ascertain about older adults' health status. Additionally, it may provide useful information to support the development of suitable healthcare responses. Hence, the main goals of the present study are to investigate the coexistence of sarcopenia, physical frailty, undernutrition and obesity, and to evaluate the factors associated with the cooccurrence of these conditions in a large sample of the Portuguese older population.

Materials and methods {#s2}
=====================

Design and participants {#s2-1}
-----------------------

The study sample included individuals enrolled in the Nutrition UP 65 study, a cross-sectional observational study conducted in Portugal. As described in detail previously,[@R12] a cluster sample of 1500 individuals with 65 years or older, representative of the Portuguese older population in terms of age, sex, education and regional area was selected. Individuals presenting any condition that precluded the collection of venous blood samples or urine (eg, dementia or urinary incontinence) were not included. Data were gathered between December 2015 and June 2016. A structured questionnaire was applied by interview, conducted by eight trained registered nutritionists and anthropometric data were also collected. From the initial sample, 46 individuals could not be evaluated regarding frailty status (n=43) and body mass index (BMI; n=4) due to missing data and were therefore excluded from the present analysis.

Measurements {#s2-2}
------------

Anthropometric measurements were collected following standard procedures.[@R13] A calibrated stadiometer (SECA 213, SECA GmbH, Hamburg, Germany) with 0.1 cm resolution was used to measure standing height. Body weight (in kg) was measured with a calibrated portable electronic scale (SECA 803, SECA GmbH, Hamburg, Germany) with 0.1 kg resolution, with the participants wearing light clothes. When it was not possible to measure standing height or weigh a patient, height was obtained indirectly from non-dominant hand length,[@R14] measured with a calibrated calliper (Fervi Equipment) with 0.1 cm resolution and body weight was estimated from mid-upper arm and calf circumferences.[@R15] Mid-upper arm and calf circumferences were measured with a metal tape measure (Lufkin W606 PM, Lufkin, Sparks, Maryland, USA) with 0.1 cm resolution.

Handgrip strength (HGS) was measured in the non-dominant hand with a calibrated Jamar Plus Digital Hand Dynamometer (Sammons Preston, Bolingbrook, Illinois, USA). As recommended by the American Society of Hand Therapists, participants were asked to sit in a chair without arm rest, with their shoulders adducted, their elbows flexed 90° and their forearms in neutral position.[@R16] Three measurements with a 1 minute pause between them were performed by each individual and the higher value, recorded in kilogram-force (kgf), was used for the analysis. Individuals unable to perform the measurement with the non-dominant hand were asked to use the dominant hand.

Walking time was measured over a distance of 4.6 m in an unobstructed corridor. Individuals were instructed to walk at usual pace and walking time was recorded by a chronometer (School Electronic Stopwatch, Dive049, Topgim, Portugal), in seconds. Those unable to perform the test due to mobility or balance limitations were considered frail for this criterion (n=28).

Information regarding educational level, household income, smoking status, alcohol consumption and prescription medication use was self-reported. Cognitive impairment was ascertained using the Portuguese version of the Mini-Mental State Examination. Individuals were classified as cognitive impaired using the following criteria: individuals with no education, ≤15 points; 1--11 years of school completed, ≤22 points and \>11 years of school completed, ≤27 points.[@R17]

Sarcopenia status {#s2-3}
-----------------

Sarcopenia was identified using the European Working Group on Sarcopenia in Older People (EWGSOP) 2 guidelines, as the presence of low muscle strength measured by HGS, plus low muscle quantity and quality.[@R4] Low muscle strength was classified as grip strength \<16 kgf in women and \<27 kgf in men,[@R18] and low muscle quantity and quality was classified as calf circumference \<31 cm.[@R19] Presarcopenia was identified by the presence of low muscle strength.

Frailty status {#s2-4}
--------------

Physical frailty was defined according to the Fried *et al* frailty phenotype.[@R3] Frailty was classified as the presence of three or more of the following five criteria: 'shrinking': evaluated by self-reported unintentional weight loss (\>4.5 kg lost unintentionally in prior year); 'weakness': assessed by low HGS adjusted for gender and BMI; 'poor endurance and energy': evaluated by self-reported exhaustion using two items from the Center for Epidemiologic Studies Depression Scale[@R20]; 'slowness': identified by walking time, adjusted for gender and standing height; and 'low physical activity': assessed by the short form of the International Physical Activity Questionnaire,[@R21] by means of kilocalories expended per week, adjusted for gender (men \<383 kcal/week and women \<270 kcal/week). Individuals with one or two of these criteria were classified as prefrail.

Undernutrition status {#s2-5}
---------------------

The Portuguese version of the Mini-Nutritional Assessment---Short Form was applied. A participant scoring ≤7 out of 14 points was classified as undernourished, one that scores between 8 and 11 is at risk of undernutrition and one scoring between 12 and 14 points was considered well nourished.[@R22] Due to the small number of undernourished individuals (n=18), undernutrition and undernutrition risk were studied as a single category.

Body mass index (BMI) {#s2-6}
---------------------

BMI was calculated as weight (kg)/height^2^ (m) and subjects were classified as overweight for BMI between 25.0 and 29.9 kg/m^2^ and obese for BMI of 30.0 kg/m^2^ or above.[@R11]

Statistical analysis {#s2-7}
--------------------

Characteristics of the study sample were described as frequencies and percentages, computed separately according to the number of conditions, and χ² or Fisher's exact test was applied to test differences between study groups.

Multiple imputations were carried out to handle missing data for the following variables: marital status (n=1), self-perception of health status (n=4) and alcohol consumption (n=2). The Markov Chain Monte Carlo approach was used, with 5 imputation data sets and 10 iterations. Then, a multinomial logistic regression was conducted to quantify the association between the number of diseases or conditions (dependent variable) and independent variables. Sex, age, residential status, regional area, marital status, educational level, household income, self-perception of health status, smoking status, alcohol consumption, medication use and cognitive function were variables included in the model. Odds ratios (OR) and their respective 95% Confidence Intervals (CI) were calculated.

All statistical analyses were performed with IBM SPSS Statistics V.25 (SPSS, an IBM Company), and the statistical significance level was set at a p value \<0.05.

Results {#s3}
=======

In the 1454 older adults included in this study, 42.6% (n=620) presented none of the conditions evaluated, 38.0% (n=553) were identified with one of the conditions, 225 older adults (15.5%) were identified with two conditions, 55 individuals had three of the conditions evaluated (3.8%) and only 1 older adult was identified with all (0.1%). The median age of the individuals was 74 years (65--100). Comparison between included and excluded individuals revealed a higher proportion of excluded individuals from the Alentejo/Algarve and Madeira/Azores (p=0.001), who do not know or did not declare their income (p=0.030), who were non-drinkers (p=0.005) and who were more likely to be cognitively impaired (p=0.017) ([online supplementary table 1](#SP1){ref-type="supplementary-material"}). Older adults identified with multiple conditions (≥2) were more likely to be women, more than 75 years and being single, divorced or widower (p\<0.001) ([table 1](#T1){ref-type="table"}). Presarcopenia and sarcopenia were diagnosed in 457 (31.4%) and 65 (4.5%) older adults, respectively, while prefrailty was identified in 791 (54.4%) and frailty in 310 (21.3%) individuals. Also 646 (44.4%) were classified as overweight and 568 (39.1%) were obese. Undernutrition was present in 18 (1.2%) older adults and 211 (14.5%) were at risk of undernutrition.
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###### 

Characteristics of the participants according to the number of conditions evaluated in this study†

                                        Number of conditions, N (%)   P value                   
  ------------------------------------- ----------------------------- ------------ ------------ -----------
  Sex                                                                                           
   Women                                297 (47.9)                    338 (61.1)   206 (73.3)   \<0.001\*
   Men                                  323 (52.1)                    215 (38.9)   75 (26.7)    
  Age                                                                                           
   65--75 years                         403 (65.0)                    316 (57.1)   111 (39.5)   \<0.001\*
   \>75 years                           217 (35.0)                    237 (42.9)   170 (60.5)   
  Regional area                                                                                 
   North/Centre/Lisbon                  527 (85.0)                    443 (80.1)   246 (87.5)   0.049\*
   Alentejo/Algarve                     71 (11.5)                     86 (15.6)    29 (10.3)    
   Madeira/Azores                       22 (3.5)                      24 (4.3)     6 (2.1)      
  Residence                                                                                     
   Home                                 598 (96.5)                    532 (96.2)   254 (90.4)   \<0.001\*
   Institutionalised                    22 (3.5)                      21 (3.8)     27 (9.6)     
  Marital status                                                                                
   Single/divorced/widower              267 (43.1)                    302 (54.6)   202 (71.9)   \<0.001\*
   Married/common-law marriage          352 (56.9)                    251 (45.4)   79 (28.1)    
  Education level                                                                               
   Without education                    57 (9.2)                      85 (15.4)    63 (22.4)    \<0.001\*
   1--4 years                           417 (67.3)                    384 (69.4)   197 (70.1)   
   5--12 years                          100 (16.1)                    67 (12.1)    17 (6.0)     
   Higher education                     46 (7.4)                      17 (3.1)     4 (1.4)      
  Household income                                                                              
   \<500€                               309 (49.8)                    280 (50.6)   150 (53.4)   \<0.001\*
   500--999€                            101 (16.3)                    57 (10.3)    16 (5.7)     
   ≥1000€                               133 (21.5)                    124 (22.4)   41 (14.6)    
   Does not know or does not declare    77 (12.4)                     92 (16.6)    74 (26.3)    
  Self-perception of health status                                                              
   Very good/good                       248 (40.1)                    170 (30.9)   44 (15.7)    \<0.001\*
   Fair                                 305 (49.3)                    283 (51.5)   127 (45.2)   
   Poor/very poor                       66 (10.7)                     97 (17.6)    110 (39.1)   
  Smoking status                                                                                
   Non-smoker                           585 (94.4)                    532 (96.2)   271 (96.4)   0.215\*
   Smoker                               35 (5.6)                      21 (3.8)     10 (3.6)     
  Alcohol consumption                                                                           
   None                                 250 (40.5)                    282 (51.0)   176 (62.6)   \<0.001\*
   Moderate (W: ≤1/day; M: ≤2/day)      295 (47.7)                    215 (38.9)   87 (31.0)    
   Excessive (W: \>1/day; M: \>2/day)   73 (11.8)                     56 (10.1)    18 (6.4)     
  Medication use                                                                                
   0                                    117 (18.9)                    64 (11.6)    25 (8.9)     \<0.001\*
   1--4                                 363 (58.5)                    321 (58.0)   126 (44.8)   
   ≥5                                   107 (17.3)                    122 (22.1)   92 (32.7)    
   Unknown                              33 (5.3)                      46 (8.3)     38 (13.5)    
  Cognitive function (MMSE)                                                                     
   Not impaired                         589 (95.0)                    527 (95.3)   246 (87.5)   \<0.001\*
   Impaired                             31 (5.0)                      26 (4.7)     35 (12.5)    

\*χ² test.

†Percentages may not add to 100% due to rounding. Data before multiple imputations. Information was not obtained: marital status n=1 (0.1%); self-perception of health status n=4 (0.3%); alcohol consumption n=2 (0.1%).

M, men; MMSE, Mini-Mental State Examination; W, women.

When presarcopenia, prefrailty and overweight status were also accounted for the analysis, together with sarcopenia, frailty, obesity and undernutrition status, it was observed that only 4.3% of the older adults (n=63) presented none of the preconditions or conditions evaluated, and 22.6% were identified with one, 36% with two and 32.1% with three of the preconditions or conditions. All four preconditions or conditions were identified in 5% of the sample (n=72) ([online supplementary table 2](#SP2){ref-type="supplementary-material"}).
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[Figure 1](#F1){ref-type="fig"} shows the distribution of each condition across the study groups. Obesity was the most frequent condition among the group with only one condition (66.5%), followed by frailty (14.6%) and undernutrition or undernutrition risk (13.6%). For the group with two or more conditions, frailty was the most frequent (81.5%), followed by obesity (71.2%) and undernutrition or undernutrition risk in third (54.8%). Sarcopenia was the less frequent condition among both groups, and it was identified in 5.2% of the individuals with one condition and 12.8% of the older adults with two or more conditions.

![Frequency of sarcopenia, frailty, undernutrition or undernutrition risk and obesity according to the number of conditions.](bmjopen-2019-033661f01){#F1}

Pairwise coexistence between the conditions evaluated is presented in [table 2](#T2){ref-type="table"}. The highest coexistence was observed between frailty and obesity (10.5%). Furthermore, it was also observed that undernutrition or undernutrition risk coexisted with frailty in 7.0% and obesity in 5.9% of the sample. Sarcopenic obesity was identified in only two individuals (0.1%).

###### 

Cooccurrence of sarcopenia, frailty, undernutrition or undernutrition risk and obesity

  --------------------------------------------------------
                        N (%)                   
  --------------------- ---------- ------------ ----------
  Sarcopenia                                    

  Physical frailty      32 (2.2)                

  Undernutrition/\      22 (1.5)   102 (7.0)    
  undernutrition risk                           

  Obesity               2 (0.1)    152 (10.5)   86 (5.9)
  --------------------------------------------------------

Results of coexistences when all preconditions were included revealed a higher coexistence for prefrailty/frailty with BMI over 25 kg/m^2^ (64.2%), followed by prefrailty/frailty with presarcopenia/sarcopenia (35.9%) and presarcopenia/sarcopenia with BMI over 25 kg/m^2^ (29.2%). Coexistence of undernutrition or undernutrition risk with prefrailty/frailty and pre-sarcopenia/sarcopenia was 14.4% and 6.9%, respectively. The double burden of malnutrition, characterised by the presence of undernutrition or undernutrition risk and overweight or obesity concurrently, was identified among 11.5% older adults ([online supplementary table 3](#SP3){ref-type="supplementary-material"}).
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The results of the multinomial logistic regression analyses after multiple imputations are shown in [table 3](#T3){ref-type="table"}. When the category 'none of the conditions' was used as reference variable, it was found that presenting one condition was directly associated with living in Alentejo/Algarve (OR 1.46; 95% CI 1.02 to 2.07), poor or very poor self-perception of health status (OR 1.64; 95% CI 1.11 to 2.41), taking 1--4 medications (OR 1.52; 95% CI 1.08 to 2.14) and ≥5 medications (OR 1.81; 95% CI 1.21 to 2.70) and inversely associated with male gender (OR 0.74; 95% CI 0.57 to 0.96) and higher education (OR 0.39; 95% CI 0.20 to 0.78).

###### 

Results from the multinomial logistic regression analysis, regarding the number of conditions. Reference category: none condition identified

                                        Number of conditions                                            
  ------------------------------------- ------------------------- ----------- ------------------------- -------------
  Sex                                                                                                    
   Women                                1.00                                  1.00                       
   Men                                  **0.74 (0.57 to 0.96)**   **0.024**   **0.61 (0.43 to 0.88)**   **0.009**
  Age                                                                                                    
   65--75 years                         1.00                                  1.00                       
   \>75 years                           1.10 (0.84 to 1.43)       0.483       **1.60 (1.14 to 2.24)**   **0.007**
  Regional area                                                                                          
   North/Centre/Lisbon                  1.00                                  1.00                       
   Alentejo/Algarve                     **1.46 (1.02 to 2.07)**   **0.039**   0.88 (0.55 to 1.42)       0.629
   Madeira/Azores                       1.21 (0.88 to 1.65)       0.555       0.50 (0.30 to 0.84)       0.179
  Residence                                                                                              
   Home                                 1.00                                  1.00                       
   Institutionalised                    0.94 (0.49 to 1.77)       0.838       1.47 (0.76 to 2.84)       0.261
  Marital status                                                                                         
   Single/divorced/widower              1.00                                  1.00                       
   Married/common-law marriage          0.77 (0.58 to 1.00)       0.050       **0.58 (0.40 to 0.84)**   **0.003**
  Education level                                                                                        
   Without education                    1.00                                  1.00                       
   1--4 years                           0.77 (0.52 to 1.12)       0.173       0.74 (0.47 to 1.15)       0.176
   5--12 years                          0.65 (0.40 to 1.06)       0.082       **0.36 (0.18 to 0.72)**   **0.004**
   Higher education                     **0.39 (0.20 to 0.78)**   **0.008**   **0.23 (0.07 to 0.73)**   **0.014**
  Household income                                                                                       
   \<500€                               1.00                                  1.00                       
   500--999€                            0.97 (0.65 to 1.45)       0.865       **0.50 (0.30 to 0.83)**   **0.008**
   ≥1000€                               0.80 (0.49 to 1.30)       0.361       0.56 (0.28 to 1.13)       0.103
   Does not know or does not declare    0.91 (0.63 to 1.31)       0.619       0.72 (0.47 to 1.10)       0.124
  Self-perception of health status                                                                       
   Very good/good                       1.00                                  1.00                       
   Fair                                 1.18 (0.90 to 1.53)       0.227       **1.94 (1.29 to 2.90)**   **0.001**
   Poor/very poor                       **1.64 (1.11 to 2.41)**   **0.012**   **5.61 (3.50 to 9.01)**   **\<0.001**
  Smoking status                                                                                         
   Non-smoker                           1.00                                  1.00                       
   Smoker                               0.87 (0.65 to 1.17)       0.635       1.06 (0.69 to 1.60)       0.899
  Alcohol consumption                                                                                    
   None                                 1.00                                  1.00                       
   Moderate (W: ≤1/day; M: ≤2/day)      0.85 (0.65 to 1.11)       0.233       0.77 (0.54 to 1.10)       0.147
   Excessive (W: \>1/day; M: \>2/day)   0.91 (0.60 to 1.39)       0.674       0.68 (0.36 to 1.26)       0.219
  Medication use                                                                                         
   0                                    1.00                                  1.00                       
   1--4                                 **1.52 (1.08 to 2.14)**   **0.020**   **1.71 (1.31 to 2.25)**   **0.047**
   ≥5                                   **1.81 (1.21 to 2.70)**   **0.005**   **3.11 (1.77 to 5.46)**   **\<0.001**
   Unknown                              1.66 (0.95 to 2.91)       0.079       **2.56 (1.80 to 3.66)**   **0.008**
  Cognitive function (MMSE)                                                                              
   Not impaired                         1.00                                  1.00                       
   Impaired                             0.83 (0.47 to 1.47)       0.521       **1.84 (1.37 to 2.48)**   **0.040**

Bold text indicates a statistically significant difference with a p-value less than 0.05.

M, men; MMSE, Mini-Mental State Examination; W, women.

Furthermore, having two or more conditions was inversely associated with male gender (OR 0.61; 95% CI 0.43 to 0.88), being married or in a common-law marriage (OR 0.58; 95% CI 0.40 to 0.84), a higher educational level (OR 0.36; 95% CI 0.18 to 0.72 for 5--12 years of education; OR 0.23; 95% CI 0.07 to 0.73 for higher education), an household income between 500 and 999€ (OR 0.50; 95% CI 0.30 to 0.83) and directly associated with age \>75 years (OR 1.60; 95% CI 1.14 to 2.24), a fair (OR 1.94; 95% CI: 1.29 to 2.90) and poor or very poor self-perception of health status (OR: 5.61; 95% CI: 3.50 to 9.01), medication use: 1--4 medications (OR: 1.71; 95% CI 1.31 to 2.25), ≥5 medications (OR 3.11; 95% CI 1.77 to 5.46) and unknown medication (OR 2.56; 95% CI 1.80 to 3.66) and cognitive impairment (OR 1.84; 95% CI 1.37 to 2.48) ([table 3](#T3){ref-type="table"}).

Discussion {#s4}
==========

Within this large sample of older adults, almost three out of five presented at least one of the studied conditions, namely, sarcopenia, physical frailty, obesity and undernutrition/undernutrition risk, and about one-fifth had two or more of these conditions. However, when the preconditions state was integrated in this analysis, only a small proportion (4.3%) of the older adults presented none of the preconditions or conditions evaluated. Considering the distribution of these conditions among study groups, it was found that obesity was unquestionably the main contributor to the group with one condition, nevertheless, a large frequency of frailty was observed in older adults with two or more conditions. Also, the highest coexistence was observed between frailty and obesity (10.5%), but these were also the most frequent conditions in our sample.

The prevalence of these conditions individually was previously discussed in depth.[@R23] Briefly, obesity and frailty are very frequent among Portuguese older adults,[@R23] and lower frequencies of undernutrition and sarcopenia were observed in these individuals.[@R24] Nevertheless, the majority of the older adults had low muscle strength, the primary parameter of sarcopenia.[@R25] An important finding of this study is that the double burden of malnutrition within individuals was found in more than one-tenth of the sample. Interestingly, when only obesity and undernutrition or undernutrition risk were accounted, coexistence was still observed in 5.9% older adults, even though BMI is part of undernutrition assessment. This indicates that despite the higher adiposity levels observed in some individuals, some may still be at risk of experiencing several health consequences of a state of undernutrition.

Frailty and obesity were simultaneously identified in a large proportion of the participants with two or more conditions. The influence of these conditions on older adults' health has been brought up and discussed by several authors. When the impact of frailty and BMI on mortality was evaluated, it was found that frail older adults who were obese had a significantly higher mortality risk.[@R27] Also, it was observed that in older people who were normal weight or underweight, higher levels of frailty were associated with poorer survival.[@R27] Additionally, weight loss and exercise interventions had been pointed as beneficial among overweight or obese older adults, namely in the improvement of physical function and biomarkers of physical dysfunction.[@R28] Regardless of the evidence presented, weight loss in older adults must be taken with caution, because it can also result in losses of lean body mass and bone mineral density.[@R29] At the other end of the spectrum, physical frailty and undernutrition/undernutrition risk coexistence were lower to the one observed for frailty and obesity. Results of a meta-analysis conducted by Verlaan *et al* revealed that older adults were likely to be physically frail, but only a small percentage of the physically frail older people in the community was identified as undernourished.[@R30] In the present study, 44.5% of the undernourished or at undernutrition risk individuals were frail, and 32.9% of the individuals who were frail were also undernourished or at undernutrition risk. However, in agreement with the previous results,[@R30] when undernourished individuals were considered separately from those who were at nutritional risk, it was observed that 72.2% of the undernourished individuals were frail, while only 4.2% of frail older adults were undernourished. Nevertheless, it is still important to acknowledge the small number of undernourished older adults identified in this study (n=18).

Sarcopenia and physical frailty are not identical, but they share similar criteria and a close relationship between the two is often pointed out in the literature. Actually, overlap between sarcopenia and frailty is discussed in both EWGSOP consensus, suggesting that most frail people exhibit sarcopenia, and some older people with sarcopenia are also frail.[@R4] Our data showed a low coexistence between them (2.2%), which is in line with previous results that observed a low coexistence of sarcopenia and frailty even when various definitions were used.[@R31] This supports the fact that sarcopenia and frailty are still two distinct conditions. Indeed, in the recent EWGSOP consensus sarcopenia is described as a contributor to the development of physical frailty, while frailty syndrome represents a much broader concept.[@R4] However, it is worth mentioning that the methodologic differences often observed between the studies raise the difficulty to draw conclusions. It was also interesting to find that when presarcopenia and prefrailty were also considered, they cooccurred in only 35.9% individuals, even though they share similar diagnostic measures. In fact, the difference in HGS cutoff points for sarcopenia and frailty diagnosis[@R3] is a major contributor to this low coexistence, as only 35.8% older adults had simultaneously the low HGS criterion for both conditions (data not shown). Sarcopenia and undernutrition coexistence was previously discussed.[@R25]

Although, according to our knowledge, the study of coexistence of all these conditions is lacking. A recent cross-sectional study in 100 patients revealed a higher overlap between three of these conditions (sarcopenia, frailty and undernutrition), however this study was developed in hospital setting, and higher frequencies of each condition were observed among these older adults.[@R32]

When factors associated with presenting several of these conditions were examined through multinomial regression analyses, being male, married or in common-law marriage and having attended 5 or more years to school were inversely associated with two or more of the studied conditions evaluated here. In the present study, all the studied conditions sarcopenia, frailty, undernutrition/undernutrition risk and obesity were more frequent among women.

As expected, age was positively associated with presenting more than one condition, since the aetiology of most of these conditions is closely related with the ageing process.[@R3] Moreover, a fair, and especially a poor or very poor self-perception of health status were positively linked with presenting multiple conditions. The decline in physical function commonly observed in older people suffering from these conditions may partially explain this, as it may influence individuals' perception of their health.

Medication usage was also associated with presenting one and two or more of the conditions evaluated. Furthermore, higher odds were observed for those with a higher medication use (≥5) and for the group with more than one condition. This reveals a state of vulnerability, as individuals with higher medication use were also more likely to refer two or more chronic diseases and, consequently, have poorer health status. This is in accordance with previous literature, which reported that those on more medication were more likely to be older and have worse health status.[@R33] Regarding cognitive impairment, a significant association was observed only with the group with two or more conditions identified. Although these conditions were not individually associated with a deterioration in cognitive status (data not shown), the cumulative effect of their cooccurrence, may have had an impact on this association.

In addition, the higher cooccurrence observed when the intermediate states of these conditions were considered is in line with current evidence that indicates that some of these conditions may contribute to the development of the other conditions or diseases. This emphasises the need to evaluate all of them separately, at early stages, during the geriatric assessment. Hence, besides the use of screening tools for undernutrition and obesity, it would be relevant to also routinely screen for frailty and sarcopenia.

Some study limitations can be enumerated. First, it should be noted that the cross-sectional nature of this study does not allow us to infer about causal relationships. Second, comparison between included and excluded individuals revealed statistically significant differences for some variables, hence generalisation of the present results should be made with caution. Furthermore, muscle mass assessment for sarcopenia diagnosis was carried out using anthropometric measures, which is not the reference method to estimate muscle quality and quantity. In addition, the appropriateness of the use of BMI to estimate excessive adiposity in older adults has been questioned in the literature.[@R34] Also, it would be of special interest to evaluate the outcomes of the cooccurrence of these conditions, namely, the extent of health consequences resulting from their cumulative effects. However, to our knowledge, this is the first study to analyse the coexistence of sarcopenia, frailty, undernutrition and obesity in older adults and to identify the factors associated with them.

The study of sarcopenia, physical frailty, undernutrition and obesity in the same sample of older adults is a novelty, and the low coexistence observed between the conditions evaluated, reinforces the need to assess them all individually during geriatric assessment. It also raises the question of how the presence of one of these conditions may mask or aggravate the state of others. Therefore, it would be important to carefully address their cumulative effects in older adults' health status and quality of life, in a near future.
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